Investigations of nontuberculous mycobacterium (NTM) infections associated with various environmental sources have been hampered by the lack of adequate techniques for selective isolation of these organisms from environmental fluids. This study compared chemical dosing techniques for recovery of NTM from water samples collected from 115 randomly selected dialysis centers. Cell suspensions of NTM group II and IV isolates and gram-negative bacteria were exposed to solutions containing sodium hypochlorite (0.2 ,ug/ml of free available chlorine), formaldehyde (1, 0.75, or 0.5%), oxalic acid (1.25%), cetylpyridinium chloride (25 ,ug/ml), or cetyltrimethlylammonium bromide (100 ,ug/ml). Results of standard membrane filtration assays with laboratory test strains and water samples from dialysis centers showed that 5 min of exposure to 1% formaldehyde effectively reduced gram-negative bacterial populations and allowed increased recovery of NTM in environmental fluids containing mixed microbial populations.
Awareness of clinical infections with nontuberculous mycobacteria (NTM) has increased markedly, and reports of infection outbreaks involving environmental fluids as probable sources of these organisms have become more common (3, 4, 6-8, 11, 20, 22) . Infections occurring in patients in hemodialysis and peritoneal dialysis centers (3, 4, 6) typically have involved the Mycobacterium fortuitum complex of organisms, also known as rapid growers or Runyon group IV organisms (31) .
Environmental investigations of NTM have been hampered largely by the lack of adequate techniques for detecting these organisms in fluids that also contain high levels of naturally occurring gram-negative water bacteria (GNB). However, in one outbreak of infections with M. chelonae and M. chelonae-like organisms (MCLO) in hemodialysis patients (6) , these organisms, as well as M. fortuitum and group II NTM (M. gordonae and M. scrofulaceum), were found as essentially pure populations of several hundred microorganisms per milliliter in water used to rinse dialyzers and prepare disinfectant solution for storing dialyzers before reuse on patients. Levels of chlorine or chloramines in the municipal water supply were apparently sufficient to inhibit growth of GNB but insufficient to prevent the inherently germicide-resistant NTM from increasing. An unidentified rapid grower (probable MCLO), M. gordonae, M. scrofulaceium, and strains of slow-growing, pink-pigmented gramnegative bacteria (SGP) also were found in formaldehyde (HCHO)-containing disinfectant solutions (1 to 3% aqueous HCHO) from blood compartments of dialyzers processed for reuse. These findings suggested the possibility that chlorine or HCHO disinfectants could effectively be used in microbiologic assay procedures to dose environmental fluids, thereby reducing background levels of GNB and increasing the isolation rate of NTM present in the sample.
We undertook a national study in a random sample of 115 dialysis centers (5) Sigma), 25 jig/ml; (v) cetyltrimethylammonium bromide (Eastman Kodak Co., Rochester, N.Y.), 100 ,ug/ml. Samples from test and control (no disinfectant) solutions were assayed by the membrane filter procedure (1) , and sample dilutions were prepared in American Public Health Association phosphate-buffered distilled water (BDW; pH 7.2). Filters from test disinfectant solutions were rinsed with approximately 400 ml of BDW to remove residual disinfectant before plating on SMA (GNB strains) or 7H10-OADC (NTM strains); filters from control solutions also were rinsed with 400 ml of BDW. Plates were incubated at 30°C, and colony counts were recorded after 72 h and 7 and 14 days.
A technique for direct acid-fast staining of colonies on membrane filters (15, 16) was evaluated by using pure and mixed cultures of NTM and GNB incubated on 7H10 agar. Gradations in uptake of stain among NTM strains and variations in the degree of colony discoloration among GNB made differentiation of acid-fast character difficult, particularly on filters containing comparatively low numbers of NTM and high numbers of GNB. This technique for quantitating NTM was not pursued further.
Field study. Water samples were collected from the following sites from 115 hemodialysis centers over a 13-week period: (i) sample A, municipal water supply to the dialysis center; (ii) sample B, water produced by the center water treatment system that was used to prepare dialysis fluids; (iii) sample C, water used to rinse dialyzers and prepare the chemical germicides for disinfecting dialyzers before reuse on the same patient.
For microbiologic assay, each water sample was divided into two portions. Because of the total number of samples to be processed each day and the further time constraints involved in processing undosed and chemically dosed portions for each sample, it was necessary to restrict the number of incubation media used. Previous investigations conducted in our laboratory (6, 10, 18) had shown SMA to be a suitable, recovery medium, not only for GNB and SGP but also for rapid-growing NTM from water supplies in dialysis centers. Although GNB also appeared to grow well on 7H10-OADC, quantitative data comparing recovery of GNB on SMA and 7H10-OADC were not collected. For the untreated sample portion, therefore, sample dilutions in BDW (102 to 10-3) were filtered and rinsed with 400 ml of BDW, and filters were placed on SMA and incubated at 30°C. Total and differential colony counts based on colony morphology and pigmentation were done after incubation for 72 h or 6 days; Gram and acid-fast (Ziehl-Neelsen) stains were done on subcultures of each colony type to determine overall levels of GNB and relative levels of NTM and SGP. The second sample portion was treated by exposure to 1% aqueous HCHO for 5 min to reduce background levels of GNB so that presumed lower levels of NTM and SGP could more readily be detected. After exposure, sample dilutions in BDW (102 to 10-2) were filtered and rinsed with 400 ml of BDW and plated on 7H10-OADC agar. Again, although studies in our laboratory had shown that rapidly growing NTM from untreated water supplies could be recovered in comparable numbers on SMA or 7H10-OADC, the latter was used as the plating medium for dosed samples because it was felt that the more enriched medium might enhance recovery of NTM and SGP stressed by exposure to a disinfectant. Differential colony counts and stains were done as described above after incubation of 7H10 plates for 6 or 14 days at 300C.
RESULTS
Overall, sodium hypochlorite (0.2 ,ug/ml of free chlorine) appeared to be the most effective both in reducing GNB populations likely to be present as background contaminants and in allowing good recovery of NTM in test samples (Table  1) The quaternary ammonium compounds CPC and cetyltrimethylammonium bromide achieved less than 10-fold reductions in GNB populations in the 10-min exposure time. Additional studies with CPC showed that, even at concentrations of 500 and 1,000 ,ug/ml, 30-and 15-min exposure times, respectively, were required to obtain greater than 100-fold reductions in viable counts of GNB. Moreover, at these higher concentrations of CPC, up to 100-fold reductions in viable counts of some M. chelonae and MCLO strains also were observed.
Of the five chemicals tested, only HCHO appeared to meet the minimal criteria required for selection as the dosing agent to be used in the national study: suitability for use in a membrane filtration procedure, applicability for all types of samples collected from the dialysis centers, and reduction in background GNB levels sufficient to allow selective isolation and high recovery of NTM. Additional tests with HCHO solutions were done to determine the most effective combination of HCHO concentration and exposure time for dosing of water supplies from dialysis centers. A 5-min exposure of 1% HCHO slightly improved the recovery of NTM while still effecting reductions in viable counts of GNB comparable to those obtained with a 10-min exposure (Table 2) .
Data from microbiologic assays of water samples collected from 115 hemodialysis centers are presented in The data in Table 3 , which were adjusted to exclude HCHOresistant SGP, as well as acid-fast organisms, show the comparative efficacy of chemical dosing for reducing background levels of GNB. Exposure of water samples to 1% HCHO for 5 min achieved mean log reductions in viable counts of GNB up to approximately 10-fold times greater than those obtained in undosed samples. Chemical dosing did not appear to have an adverse effect on mean levels of acid-fast bacteria recovered in water supplies from the dialysis centers (Table 4) ; with SGP, mean levels recovered at all three sample sites were slightly higher in chemically dosed samples than in undosed samples. Although chemical dosing substantially increased the number of samples in which acid-fast organisms and SGP were recovered (Table 5) , some NTM and SGP were recovered only in undosed samples. Overall, the data suggested that, for maximum recovery of NTM or SGP, both dosed and undosed samples should be processed.
DISCUSSION
Current methods for isolating NTM from environmental fluids (11, 14-16, 20, 21, 25, 31-33) are, in most cases, adaptations of procedures developed to detect tubercle bacilli in sputum and body tissues and fluids (11-13, 23, 26, 30-32, 35, 36) . These procedures typically involve a variety of steps, including homogenization, decontamination of the sample with alkali, acids, or quaternary ammonium compounds up to 24 h, neutralization of the chemical, concentration of microorganisms in the sample by means of centrifugation or membrane filtration, and plating of the sediment or filter on nonselective and antibiotic-containing media. When membrane filtration is used as the concentrating technique, enumeration of NTM is usually done by means of acid-fast stains of colonies developed on the membrane (2, 19) , appear to be a heterogeneous group of organisms with regard to physiologic and resistance characteristics. That some strains of SGP appear to be more susceptible to 1% aqueous HCHO, as evidenced by their isolation only from undosed samples, may provide an additional parameter for subgrouping these organisms.
Finally, the results of laboratory studies presented here substantiate an ever-increasing number of reports that rapidly growing and certain other NTM are highly resistant to chlorine and HCHO disinfectants (3-6, 9-11, 15-18, 21, 22, 24, 27, 32) . Mixed populations of GNB in field samples from dialysis centers showed somewhat greater resistance to 1% aqueous HCHO (mean reduction, <10-fold) when compared with GNB strains used in laboratory tests (mean reduction, 18-fold). This may reflect a greater variety of innately resistant organisms in natural environments, or it may be related to basic differences in the resistance characteristics of naturally occurring organisms versus subcultured strains from laboratory media (albeit water adapted), as observed in P. aeruginosa, P. alcaligenes, P. cepacia, and other organisms (10, 18, 27) .
